INTRODUCTION
============

Post-Traumatic Stress Disorder (PTSD) is a psychiatric disorder in which symptoms such as re-experience, hyperarousal, and avoidance follow an experience of unpredicted traumatic stress.[@B1] PTSD does not present identically for all who experience the same type of trauma because the development of the disorder is influenced by the individual\'s vulnerability factors.[@B2] PTSD vulnerability factors include trauma inflicted during childhood, personality disorders, genetic vulnerability to psychiatric disorders, and recent drastic change in the living environment, among others.[@B3] Those who have these susceptibilities may develop PTSD after a relatively small mental trauma.[@B4]

Attention-Deficit/Hyperactivity Disorder (ADHD) is characterized by lack of attention, impulsiveness, and hyperactivity[@B5] and is a developmental disorder that affects 50% of child and adolescent psychiatric outpatients. ADHD is a common neurodevelopmental disorder associated with family and social problems, behavioral and educational difficulties, and cognitive dysfunction.[@B6] In the past, ADHD was considered a childhood disorder because the symptoms were thought to improve as the child develops.[@B7] However, 50-65% of ADHD patients continue to satisfy the diagnostic criteria after they reach adulthood. Adults with ADHD have a prevalence ratio of 3-5%,[@B8] and studies have consequently concluded that ADHD symptoms need to be treated well into adulthood.[@B9] ADHD that emerges during childhood may be accompanied by antisocial personality disorders, anxiety disorders, and depressive disorders,[@B9] and a number of studies report that mood and depressive disorders are comorbid.[@B10],[@B11] Among depressive disorders, the symptoms of PTSD can appear similar to those of ADHD, necessitating differential diagnosis.[@B12],[@B13] Also, the symptoms of ADHD are often perceived as personality or character traits of the individual and are thus overlooked.[@B14] Because of comorbidities and other factors, the symptoms of ADHD in adults are easily overlooked, difficult to evaluate, and often ignored.[@B14]

In South Korea, most soldiers are in late adolescence when they begin military service. Late adolescence is a developmental phase involving the transition to adulthood, and late adolescents do not yet have a fully developed or effective stress response system.[@B15] Enlisting in the military entails many environmental changes and continuous tension, and many of these youths experience considerable psychological pressures in military life.[@B16] Serious maladjustment to military life can engender many societal problems.[@B17] Military service begins with basic military training, which introduces stressors such as the unfamiliar environment of the training center and the individual\'s new role as a soldier.[@B18] It has been reported that stress is most severe during the basic military training period and in situations of compulsory military service such as in Israel.[@B19] Individuals with ADHD symptoms have difficulties adjusting to new environments as well as low self-efficacy.[@B20] Considering these factors, it can be assumed that individuals with ADHD symptoms may have a hard time adjusting to the military environment, and the variety of environmental stressors could induce the development of PTSD. However, the literature regarding adult ADHD in Korea is meager at present. Past studies on adjustment to military life have focused primarily on environmental factors, and there is still a strong need for research on the psychopathology of this adjustment. Moreover, most studies on ADHD and PTSD have been retrospective or focused on children. This study aims to comprehend the effects of past and present symptoms of adult ADHD on the stress and symptoms of PTSD. The subjects of this study were new recruits participating in the 5-week long basic military training in South Korea.

METHODS
=======

Subject and procedure
---------------------

This study was conducted on new recruits entering an army unit in 2011 after the physical examination post-conscription confirmed the absence of marked medical diseases. A survey was conducted as part of the mental and psychological examination, which accompanied the physical examination the new recruits underwent before entering the training camp. The researcher collected the questionnaires immediately after the subjects finished their training. A psychiatrist visited the training camp in person on the first day after admittance, explained the purpose of the examination, and received consent. For the first survey, a demographical survey, the Korean version of the adult attention-deficit/hyperactivity disorder scale (K-AADHDS), the Korean-Wender Utah Rating Scale (K-WURS), the Korean version of the Impact of Event Scale-Revised in Korean (IES-R-K), and the Korean version of the Brief Encounter Psychological Instrument (BEPSI-K) were administered to 258 respondents before training. For the second survey, the Korean version of the Impact of Event Scale-Revised (IES-R-K) and the Brief Encounter Psychological Instrument-K (BEPSI-K) were given to 271 respondents in the fifth week after training was complete. Of the survey participants, only the 224 respondents who answered both the first and second surveys were included as study subjects. This study was approved by the Clinical Medical Research Ethics Committee of the Korean Armed Forces Medical Command.

Measure
-------

### Korean Adult Attention-Deficit/Hyperactivity Disorder Scale (K-AADHDS)

The K-AADHDS was developed in 1995 by Murphy and Barkley to assess ADHD symptoms in adults, and it has been translated into Korean. This self-rating scale is constructed from 18 ADHD symptoms listed in the DSM-IV and consists of 9 questions that measure lack of attention and 9 questions about hyperactivity and impulsiveness for a total of 18 questions. The scale evaluates present ADHD symptoms and assesses how often the symptoms have occurred over the preceding 6 months, with a 4-point scale ranging from \'almost never\' to \'very often.\' In Korea, the reliability and validity of this scale were verified in a study conducted on 553 college students.[@B21]

### Korean-Wender Utah Rating Scale (K-WURS)

The K-WURS consists of 25 questions that aid in the diagnosis of ADHD in adults. Developed by Wender in 1993, it is a self-rating 5-point scale ranging from 0 (not at all) to 4 (very much so) with a minimum total of 0 points and a maximum total of 100 points. A total of more than 46 points indicates adult ADHD by the United States\' standard. This scale has been used in many past studies that evaluated the symptoms of ADHD.[@B22]

### Impact of Event Scale-Revised (IES-R-K)

This is a self-rating scale of trauma-related symptoms developed by Horwitz et al.,[@B23] and is now the most extensively used scale of its kind worldwide.[@B24] However, the original IES cannot measure hyperarousal, which is one of the core characteristics of PTSD. Weiss and Marmar developed the revised IES in 1994[@B25] to include hyperarousal. In the revised IES, the 15 questions of the original IES were expanded into 22 questions and were reconstructed to measure 8 intrusion symptoms, 8 avoidance symptoms, and 6 hyperarousal symptoms. The scoring system was also modified: the original IES evaluated the frequency of the symptoms during the preceding week using a 4-point scale (0-1-3-5), and the IES-R-K evaluates the severity of the symptoms during the preceding week using a 5-point scale (0-4). In Korea, the reliability and validity of the scale have been verified by a study conducted on 173 college students, with PTSD identified above 24/25 points and considered questionable above 17/18 points.[@B26]

### Brief Encounter Psychosocial Instrument-K (BEPSI-K)

The BEPSI-K, developed in 1998 by Frank and Zyznaski, is an instrument that evaluates the negative effects of stress on health, based on the model of stress as a dynamic interaction. This test was translated to develop the Korean Version of the BEPSI-K measuring instrument. This test is composed of 5 questions, each of which is intended to reflect external needs, internal needs, the difference between the external and internal needs, uncertainty, etc. In Korea, the reliability and validity of this test were verified in a study conducted on 230 patients in 1996.[@B27]

Statistical analyses
--------------------

A paired t-test was performed to examine the changes in the mean scores on the IES-R-K and BEPSI-K before and after training. In addition, Pearson\'s correlation was used to determine the correlation between the IES-R-K and BEPSI-K scores and between the K-WURS and IES-R-K scores before and after training. To analyze PTSD onset (IES-R-K≥18) risk factors before and after training, a multivariate logistic regression analysis, which included K-WURS, K-AADHDS, and demographical variables, was conducted. Also, path analysis was performed to estimate the causal relationship between the past and present ADHD symptoms and the PTSD symptoms before and after training. The SPSS version 12.0 (SPSS Inc., Chicago, IL, USA) and AMOS 18.0 (SPSS Inc., Chicago, IL, USA) statistics software packages were used for all statistical analyses. Statistical significance for all analyses was defined as p\<0.05.

RESULTS
=======

Two hundred and fifty-eight participants answered the first survey, and 271 participants answered the second survey. Only the 224 participants who answered both the first and second surveys were included as study subjects. The first survey was conducted on the first day after admittance, and the second survey was conducted after the 5 weeks of basic military training.

The demographic variables are shown in [Table 1](#T1){ref-type="table"}. The mean age of the 224 new recruits participating in the study was 19.8±1.1, and college enrollment (92.4%) was the most common education level. The results revealed that 1.3% had a personal medical history of psychiatric disorder, and 2.7% had a family medical history of psychiatric disorder. The changes in the stress scale and IES-R-K scores before and after the training are shown in [Table 2](#T2){ref-type="table"}. A significant decrease in the stress scale was observed after the 5-week long training. The BEPSI-K score was 1.51±0.4 before training and 1.26±0.5 after the 5-week training (p\<0.01). The PTSD symptoms represented by the IES-R-K score also displayed a significant decrease after training (p\<0.01); the test yielded a score of 10.2±11.7 before training and 3.8±5.5 after the five-week training. The group presenting questionable PTSD (IES-R-K score over 18 points) consisted of 44 subjects (19.6%) before training and 4 subjects (1.8%) after training.

The correlations among the presence and absence of the ADHD symptoms in the past and in the present, the IES-R-K score, and the BEPSI-K score were analyzed ([Table 3](#T3){ref-type="table"}). Before training, the coefficients of correlation between the IES-R-K score and the K-WURS score and between the IES-R-K score and the K-AADHDS score were 0.575 and 0.642, respectively, which indicates significant correlation (p\<0.01). After five weeks of training, the coefficients of correlation between the IES-R-K score and the K-WURS score and between the IES-R-K score and the K-AADHDS score were 0.213 and 0.172, respectively, which indicates significant correlation (p\<0.01). In the first week of training, the coefficients of correlation between the BEPSI-K score and the K-WURS score and between the BEPSI-K score and the K-AADHDS score were 0.606 and 0.524, respectively, indicating significant correlation (p\<0.01). After the five-week training, the coefficients of correlation between the BEPSI-K score and the K-WURS score and between the BEPSI-K score and the K-AADHDS score were 0.248 and 0.161, respectively, which indicates significant correlation (p\<0.05 and p\<0.01, respectively). The PTSD risk factors before and after training are shown in [Table 4](#T4){ref-type="table"}. In the first week of training, all of the past and present ADHD symptoms were risk factors for the PTSD questionable group (IES-R-K≥18). The risk of PTSD in the group that exhibited present ADHD symptoms was 1.145 times higher. The risk of PTSD in the group that showed past ADHD symptoms was 1.049 times higher than in the group without past ADHD symptoms. The risk of PTSD in last week was 1.073 times higher in the group with PTSD symptoms in first week than in the group without PTSD symptoms in first week ([Table 5](#T5){ref-type="table"}). Path analyses of the past and present ADHD symptoms and the PTSD symptoms before and after training were conducted to examine any causal relationships ([Figure 1](#F1){ref-type="fig"}). The model was validated with a chi-squared of 8.934 and a significance level of p=0.112. The GFI was 0.985, which exceeds 0.9 and thus indicates high validity, and an AGDF of 0.956 also confirmed the validity of the model. Other indexes of model validation were as follows: RMSEA=0.059, RMR=0.709, and CFI=0.988.

Regarding the effects of the exogenous variables on the endogenous variables found in the path analysis, the path coefficient from the K-WURS score, which represented past ADHD symptoms, to the K-AADHDS score, which represented present ADHD symptoms, was 0.40 (S.E: 0.024, C.R: 16.918), and that to the first week IES-R-K score, which represented the PTSD symptoms before training, was 0.21 (S.E: 0.073, C.R: 2.878); both coefficients indicate direct effects. Regarding the path coefficients between the endogenous variables, the path coefficient from the K-AADHDS score to the first week IES-R-K score, was 0.86 (S.E: 0.137, C.R: 6.26), indicating direct effects. The path coefficient from the first week IES-R-K score to the last week IES-R-K score, which represented the PTSD symptoms after training, was 0.17 (S.E: 0.03, C.R: 5.672), indicating direct effects. All of the abovementioned path coefficients were significant at the 5% level.

DISCUSSION
==========

This study was a 5-week long prospective study conducted to investigate the effects of ADHD symptoms on PTSD symptoms using new recruits participating in basic military training as the study subjects. The group with past and present adult ADHD symptoms had a higher risk of developing PTSD symptoms than the group without symptoms. In addition, a causal relationship between ADHD symptoms and PTSD symptoms was found. The IES-R-K and BEPSI-K scores decreased significantly after training. This result is similar to those of past studies that also used new recruits as the subjects. It seems that improved understanding about and adjustment to military life as well as the establishment of new relationships in a community setting led to psychological stability as the training progressed.[@B27] Also, the relief of safely completing the challenging physical training likely reduced depression and anxiety.[@B28],[@B29]

The new recruits who had experienced ADHD symptoms during childhood or the preceding 6 months had a higher risk of exhibiting PTSD symptoms before the training. The new recruits who had experienced PTSD symptoms before the training were also more likely to exhibit PTSD symptoms after the training. These results indicate that past and present ADHD symptoms are risk factors for PTSD symptoms, which is similar to the results of past studies.[@B2],[@B12] One study reported that PTSD patients had activity levels as high as those of ADHD patients when compared with the normal control group; that study concluded that comorbidity of these two diseases is possible and differential diagnosis is important.[@B30] Another study comparing a panic disorder patient group and a PTSD patient group showed that the PTSD group exhibited more past and present ADHD symptoms than the panic disorder group and reported that ADHD is a PTSD vulnerability factor.[@B2] Yet another study reported that, when exposed to traumatic stress, ADHD patients and ODD patients exhibited stronger PTSD symptoms than adjustment disorder patients.[@B12] These results, like those of this current study, suggest that ADHD symptoms can heighten the risk of PTSD.

However, a study that comparatively analyzed an ADHD patient group and a normal control group reported that, although the risk of developing PTSD after exposure to trauma is not related to ADHD, mania is a risk factor for PTSD.[@B31] The symptoms of ADHD and mania are difficult to differentiate, and it is easy to overlook the ADHD symptoms when both are present.[@B32] Because this study completely precluded those subjects who were found to have major psychiatric disorders like mania in the post-conscription physical examination, it was impossible to compare mania and ADHD in this study.

A deficiency in executive function is characteristic[@B33] of adults exhibiting ADHD. A study conducted on Vietnam War veterans found that low executive function was a risk factor for PTSD.[@B34] A PTSD study conducted in Korea on the survivors of gun murder cases in the military also reported that executive function deficiency was a risk factor for PTSD.[@B35] A twin study also indicated that executive function deficiency was a risk factor of PTSD.[@B36] Considering the numerous past studies that suggest executive function deficiency is present in ADHD and PTSD, the deduction that ADHD and PTSD are closely related to executive function deficiency was made from the path analysis results of this study.

This study has several limitations. First, the evaluating instruments used in this study were not able to diagnose ADHD or PTSD. Subjects were included in the study when ADHD or PTSD was questionable or when symptoms were present, which cannot be taken as clear diagnoses. Second, a differential diagnosis is needed because ADHD and PTSD share many symptoms.[@B37] For example, symptoms such as attention difficulties, fidgeting, impulsiveness, annoyance, and others may simultaneously exist in these two disorders.[@B38] This study did not attempt to differentiate these two disorders, which might have affected the results. Therefore, a study in which a diagnosis and a differential diagnosis are made by a proficient interviewer is needed. Third, several studies assert that ADHD has many comorbidities.[@B11],[@B39]-[@B41] The comorbidities influence ADHD in a number of ways when present, but this study was not able to exclude these comorbidities. However, the new recruits were examined to confirm the absence of major diseases in the mental and physical health examinations before they entered military service. For this reason, it was considered unlikely that the new recruits had comorbidities.

Despite these limitations, this prospective study of adult ADHD symptoms and PTSD symptoms is significant. Furthermore, because the study subjects belonged to the same community, confounding factors such as type of trauma, degree of exposure, sex, age, etc. were relatively controlled. By examining ADHD symptoms in soldiers and observing the progress of PTSD symptoms, this study is expected to aid in the evaluation and understanding of the social issues underlying soldier adjustment. Based on the results of this study regarding the relationship of symptoms between PTSD and ADHD, it will be possible to study the biological etiology shared by ADHD and PTSD.
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Demographic characteristics of 224 subjects enrolled in Korean conscripts
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Comparison of IES-R-K, BEPSI-K scores before and after basic military training
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IES-R-K: Impact of Event Scale-Revised Korean version, BEPSI-K: Brief Encounter PsychoSocial Instrument-K, SD: standard deviation
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The correlation among score of IES-R-K, BEPSI-K and adult ADHD symptoms during basic military training
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^\*^p\<0.05, ^\*\*^p\<0.01. IES-R-K: Impact of Event Scale-Revised Korean version, BEPSI-K: Brief Encounter PsychoSocial Instrument-K, K-AADHDS: Korean Adult Attention Deficit Hyperactivity Disorder Scale, K-WURS-25: Korean-Wender Utha Rating Scale-25
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Predictors of suspicious PTSD(IES-R-K\>17) in 1^st^ week during basic military training by multivariate logistic regression analysis
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B: unstandardized regression coefficient, β: standardized regression coefficient, Sig.: significance probability, OR: odds ratio, CI: confidence interval. PTSD: post traumatic stress disorder, IES-R-K: Impact of Event Scale-Revised Korean version, K-AADHDS: Korean Adult Attention Deficit Hyperactivity Disorder Scale, K-WURS-25: Korean-Wender Utha Rating Scale-25
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Predictor of suspicious PTSD(IES-R-K\>17) in last week during basic military training by multivariate logistic regression analysis
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B: unstandardized regression coefficient, β: standardized regression coefficient, Sig.: significance probability, OR: odds ratio, CI: confidence interval. PTSD: post traumatic stress disorder, IES-R-K: Impact of Event Scale-Revised Korean version
